Acrosome reactions induced by the calcium ionophore A23187 and zona pellucida (ZP) were studied. Sperm samples were obtained from fertile men or men with normal semen analysis and normal sperm-ZP binding. Oocytes were obtained, with the consent of the patients, after the failure of fertilization in vitro. Motile spermatozoa selected by a swim-up technique were incubated with 10 |iM A23187 for 1 h, four oocytes for 2 h or solubilized ZP (4 ZP/\ii) for 2 h. Spermatozoa bound to the ZP were dislodged and collected in a small volume of phosphatebuffered saline by aspirating the oocytes with a glass pipette with an inner diameter (120 \im) slightly smaller than the diameter of the oocyte. The acrosome status of the spermatozoa was determined using fluorescein-labelled Pisum sativum agglutinin. The proportion of spermatozoa undergoing the acrosome reaction on the ZP at 2 h varied over a wide range (5-99%), but the agreement between results for the same semen sample exposed to different groups of oocytes was good: the standard deviations of the differences being 9%. Pre-incubation of spermatozoa for 2 h did not increase the ZP-induced acrosome reaction. Re-incubation of ZP with the same sperm suspension for 2 h after removing ZP-bound spermatozoa from the first 2 h incubation produced a significantly lower ZP-induced acrosome reaction in the second incubation (22 ± 16%) than in the first incubation (30 ± 14%; P < 0.001, n = 20). There was no significant difference in the ZPinduced acrosome reaction with oocytes with ZP which had or had not been penetrated by spermatozoa during the in-vitro fertilization insemination. Pre-incubation of spermatozoa with solubilized ZP blocked sperm-ZP binding. However, the acrosome reaction induced by solubilized ZP (4 ZP/ui) was significantly lower than the acrosome reaction induced by intact ZP (10 ± 5 and 30 ± 13% respectively, n = 11, P < 0.001), but there was a high correlation (Spearman r = 0.822, P < 0.01) between the results. On the other hand, although the average of the acrosome reaction was similar for A23187 (42%) and for ZP (43%), there was no significant correlation between the results for the two stimuli (n = 60). In conclusion, a useful method for assessing the ZP-induced acrosome reaction has been developed using oocytes which failed to fertilize in vitro. The lack of a relationship between the results of © European Society for Human Reproduction and Embryology the chemical (A23187) and physiological (ZP) stimuli for the acrosome reaction in the same subjects questions the biological basis of using A23187 for tests of sperm function. Solubilized human ZP in a concentration that blocks sperm-ZP binding is a less efficient inducer of the acrosome reaction than is intact ZP. It is possible that the threedimensional structure of the ZP is important for induction of the acrosome reaction or that spermatozoa which bind to the ZP are more likely to acrosome react. Assessment of the physiological acrosome reaction for diagnosis of sperm defects which interfere with the fertilization process should be concentrated on the spermatozoa which are capable of binding to the ZP.
Introduction
During the process of human fertilization, spermatozoa must undergo the acrosome reaction before penetrating the zona pellucida (ZP) and fusing with the oolemma (Chen and Sathananthan, 1986; Yanagimachi, 1994) . Spermatozoa without an acrosome are not capable of interacting with either the ZP or oolemma (von Bernhardi et al, 1990; Bourne et al, 1995) . At the moment, it is believed human spermatozoa, like those of the mouse, must be acrosome intact to bind to the ZP and that the physiological acrosome reaction occurs on the surface of the ZP (Bleil and Wassarman, 1988; Wassarman, 1990) . Spermatozoa losing their acrosome prematurely, for example by spontaneous acrosome loss occurring in the insemination medium, or induced by the calcium ionophore A23187, appear to be incapable of binding to the ZP Baker, 1990, 1994a) . Thus the ZP-induced acrosome reaction may be crucial in the process of human fertilization. This is further supported by an experiment of nature: the disordered ZP-induced acrosome reaction, a condition causing severe infertility that we have described recently (Liu and Baker, 1994b) , in which spermatozoa bind to the ZP but there is a low rate of acrosome reaction on the ZP and no spermatozoa penetrate into the ZP.
Spermatozoa must be acrosome-reacted to bind to the oolemma. In the hamster zona-free oocyte penetration assay only acrosome-reacted spermatozoa can fuse with the oolemma and enter the ooplasm (Koehler et al, 1982; Yang et al, 1988) . Similarly, when zona-free human oocytes were incubated with motile spermatozoa, only spontaneously acrosome-reacted spermatozoa bound to the oolemma (Liu and Baker, 1994a) . Inducing the human acrosome reaction with the calcium 551 Downloaded from https://academic.oup.com/humrep/article-abstract/11/3/551/582449 by guest on 15 January 2019 ionophore A23187 increases the number of spermatozoa binding to the oolemma (Liu and Baker, 1990) .
A number of agents, such as A23187, follicular fluid, cumulus-corona complex, progesterone and intact or acidsolubilized ZP have been reported to induce the human acrosome reaction (Tesarik, 1985; Cross et ai, 1988; Brucker and Lipford, 1995) . However, the physiological role of these stimuli is poorly understood. Here we compare chemically (A23187) and physiologically (ZP) induced acrosome reactions. For this study, we developed a simple technique for assessment of the acrosome reaction of spermatozoa bound to the ZP and also examined the acrosome reaction induced with solubilized ZP.
Materials and methods

Sperm samples and preparation
Spermatozoa were obtained by masturbation after 2-3 days abstinence from normal fertile donors or men with normal semen analysis according World Health Organization (1992) criteria together with strict sperm morphology assessment (normal >15%) and normal sperm-ZP binding (Liu and Baker, 1992) . Motile spermatozoa were selected by a swim-up technique as follows: 0.3 ml of gently mixed sperm pellet concentrated from 1 ml of semen by centrifugation at 500 g for 5 min was added to the bottom of a test tube (12X75 mm) in which the inside wall of the tube had been wetted with human tubal fluid (Irvine Scientific, Irvine, CA, USA) containing 10% heatinactivated human serum (HTF). Then 0.7 ml of the medium was carefully layered on the top of the semen pellet After incubation for 1 h, 0.5 ml of the top layer of the medium containing motile spermatozoa was aspirated, the motile sperm suspension was centrifuged at 800 g for 5 min, the supernatant removed and the, sperm pellet washed again with 2 ml of fresh HTF by centrifugation at 800 g for 5 min. The washed sperm pellet was resuspended with serum-supplemented HTF to a sperm concentration of 2X 10 6 /ml for subsequent experiments. Only samples with >90% progressive sperm motility were used.
Human oocytes
Oocytes which showed no evidence of two pronuclei or cleavage at 48-60 h after insemination in a clinical in-vitro fertilization (TVF) programme were used. Most of the oocytes displayed regular shape and had lost the cumulus and corona cells. In the remainder, the cumulus and corona cells were removed by aspiration in and out of a glass pipette. If some spermatozoa had bound to the ZP of the oocyte during IVF, the spermatozoa were removed by aspiration of the oocyte in or out of a small glass pipette with an inner diameter (120 (im) that was slightly smaller than the diameter of the oocyte. Immature and degenerate oocytes were not used. Some of the oocytes were stored in 1 M ammonium sulphate to accumulate a large number for preparation of solubilized zona protein.
The project was approved by the Royal Women's Hospital Research and Ethics Committees. All patients signed consent forms permitting use of their unfertilized oocytes for research.
Acrosome reaction induced by A23187
On the day of use, a frozen aliquot of 5 mM stock solution of A23187 (Sigma-Chemical Co., St Louis, MO, USA) in dimethyl sulphoxide (DMSO; Sigma) was diluted 10 times with serum-free HTF medium and 10 (il was added to 0.5 ml of the motile sperm suspension (2X10 6 /ml), making a final concentration of 10 uM A23187. For controls, 10 ul of 1:10 diluted DMSO was added to 0.5 ml of the same sperm suspension. Both test and control tubes were incubated for 1 h at 37°C in 5% CO 2 in air before the acrosomes were assessed. The A23187-induced acrosome reaction was calculated from the percentage of acrosome-intact spermatozoa exposed to DMSO alone minus the percentage of acrosome-intact spermatozoa exposed to A23187. No correction was made for non-viable spermatozoa for most subjects because motile spermatozoa were selected by swimup for the studies. Preliminary experiments showed no significant difference (mean difference ± SD: 3.3 ± 6.9%, n = 12) in A23187-induced acrosome reaction between incubation times of 1 h (38.0 ± 20) and 2 h (38.5 ± 20). For convenience, a 1 h incubation with A23187 was used for all experiments. Duplicate results on the same sperm samples had a very small coefficient of variation (CV = 6%, n = 8).
In order to determine if expressing the A23187-induced acrosome reaction as a proportion of the live spermatozoa produced a different result to that when the A23187-induced acrosome reaction was expressed as a proportion of the total sperm population (viable and non-viable), the acrosome status of live spermatozoa was determined with the hypo-osmotic swelling test in 20 additional sperm samples (Aitken et ai, 1993) . After a 1 h incubation of motile spermatozoa with 10 |iM A23187 as described above, the sperm pellet was recovered by centrifugation at 800 g for 5 min. The spermatozoa were resuspended in 1 ml of hypo-osmotic swelling medium (7.35 g sodium citrate and 13.51 g fructose in 1 litre of distilled water), and incubated for 1 h at 37°C. After incubation, the spermatozoa were washed with 5 ml of 0.9% NaCl by centrifugation at 800 g for 8 min and a smear prepared for assessment of the acrosome. The proportions of acrosome-reacted viable spermatozoa, as indicated by swelling and coiling of the tail, and all spermatozoa (non-viable and viable) were calculated for each sample.
Acrosome reaction induced by intact ZP
For the ZP-induced acrosome reaction, four oocytes were incubated with 2X10 6 motile spermatozoa in 1 ml of medium for 2 h at 37°C in 5% CO2 in air. After 2 h, the oocytes were transferred to phosphatebuffered saline (PBS), pH 7.4, containing 2 mg/ml bovine serum albumin (BSA) and washed by aspiration in and out of a glass pipette (inside diameter ~250 um) to dislodge spermatozoa loosely adhering to the surface of the ZP. Because a high concentration of spermatozoa was used in the insemination medium (20 times higher than standard IVF insemination), the number of spermatozoa bound tightly to the ZP was > 100/ZP for >95% of the oocytes. Semen samples with low sperm-ZP binding (<20/ZP) were not included in the present study because there were not enough spermatozoa on the ZP for accurate assessment of the acrosome reaction. Also, defective sperm-ZP binding is a clear indication of sperm dysfunction (Liu and Baker, 1992) .
All spermatozoa bound to the surface of the ZP were then removed by vigorous aspiration in and out of a narrow-gauge micropipette with an inner diameter (~120 Jim) slightly smaller than that of the oocyte Baker, 1993, 1994b,c) . This was performed on a glass slide with 5-10 ul of PBS with BSA and the zona-bound spermatozoa were smeared over a limited area (-4 mm 2 ); the smear was then marked with a glass pen to help find the spermatozoa under the microscope for acrosome assessment. Our previous study showed that this pipetting procedure did not affect acrosome status since most patients with disordered ZP-induced acrosome reaction repeatedly had >95% spermatozoa removed from the ZP with an intact acrosome (Liu and Baker, 1994b) . The procedure would also not appear to damage the spermatozoa severely as they remain motile after removal from the ZP.
To determine further whether the pipetting procedure to remove spermatozoa from the ZP may affect acrosome status as assessed by the Pisum sarivum agglutinin (PSA) method, motile spermatozoa from three normospermic men were incubated with soy bean trypsin inhibitor (4 mg/ml), which is known to inhibit acrosome loss of spermatozoa bound to the ZP (Liu and Baker, 1993) . The three sperm samples were tested in duplicate and the results showed trypsin inhibitor-treated spermatozoa removed from the ZP had consistently higher proportions with an intact acrosome (97 and 95; 98 and 99; 93 and 91) than control spermatozoa (71 and 69; 79 and 78; 60 and 59) . This suggests that the procedure of removing spermatozoa from the ZP is very reproducible and does not cause artefactual loss of the acrosome matrix. We have not studied whether this procedure will damage the sperm membranes. The PSA method we use to assess acrosome status depends on the acrosome matrix.
In this study, the number of test or control spermatozoa penetrating into the ZP was not counted since many of the oocytes had had spermatozoa penetrating into the ZP during the IVF insemination.
A time course study was performed: the same six sperm suspensions were incubated with oocytes for 2 and 4 h. Although the proportion of spermatozoa acrosome reacting on the ZP increased from 2 to 4 h, the increase was relatively small (mean 12%) and therefore 2 h incubations of spermatozoa with the oocytes were used for all subsequent experiments.
Induction of the acrosome reaction by sohtbilized ZP
Salt-stored ZP were washed four times with HTF medium containing 0.2% BSA over a period of 6 h and then left in the medium overnight at 37°C. A total of 800 ZP were dissolved in 100 uJ of 10 mM HC1, 2 mM CaCl 2 in 150 mM NaCl, pH 2.5. The solubilized ZP solution was neutralized to pH 7.4 by adding NaOH (10 mM), centrifuged at 1800 g and the supernatant stored at 4°C for subsequent experiments. Neutralized acidified 2 mM CaCl 2 m 150 mM NaCl without ZP was used as a control. For the solubilized ZP induction of the acrosome reaction, 5 |il of motile sperm suspension (20X lO^ml) was mixed with 5 (il of solubilized ZP to a final concentration of 4 ZP/uJ in a small Eppendorf tube. For controls, 5 |il of the same sperm suspension was mixed with 5 u.1 of neutralized acidified saline. In order to overcome the evaporation of a small volume of the medium during incubation, culture was carried out under mineral oil for 2 h at 37°C in 5% CO2 in air. Then 5 \il of the sperm suspension was removed from the tube and smeared on a glass for acrosome assessment The solubilized ZP-induced acrosome reaction was calculated in the same way as for the A23187-induced acrosome reaction: percentage of control spermatozoa with an intact acrosome minus percentage of solubilized ZP-exposed spermatozoa with an intact acrosome.
To confirm that the solubilized ZP preparation was active and capable of interacting with spermatozoa, its ability to block binding of spermatozoa to intact ZP was tested. Spermatozoa were prcincubated with solubilized ZP as follows: 7 fjj of sperm suspension (2-20X10 6 /ml) was mixed with 7 ul of solubilized ZP (8 7P/\i\), making a final concentration of 4 ZP/ml, and pre-incubated for 1 h. Control spermatozoa were mixed with neutralized acidified saline without ZP and pre-incubated for 1 h. All the cultures were carried out in 4-well dishes (Nunc, Roskilde, Denmark) under mineral oil. To minimize oocyte variability, oocytes from the same FVF patient with complete failure of fertilization were then added to each well, three per well. After 2 h incubation, the oocytes were removed from the sperm suspensions, washed by aspiration in and out of a glass pipette (inside diameter -250 ujn) to dislodge spermatozoa loosely adhering to the surface of the ZP, and the number of spermatozoa bound tightly to the ZP was counted with an inverted phase-contrast microscope.'
Assessment of acrosome status
The acrosome status of spermatozoa was determined with fluoresceinlabelled PSA (Sigma) as described previously (Liu and Baker, 1988) . Sperm smears were fixed in 95% ethanol for 30 min after air drying and then stained in 25 u.g/ml PSA in PBS for 2 h. The slide was washed and mounted widi distilled water and 200 spermatozoa were counted with a fluorescence microscope and oil immersion at a magnification of X400. When more than half the head of a spermatozoon was brightly and uniformly fluorescing, the acrosome was considered to be intact. Spermatozoa without fluorescence (a rare pattern) or a fluorescing band at the equatorial segment were considered to be acrosome reacted.
Methodological studies of the ZP-induced acrosome reaction test
To determine the effect of oocyte variability and the pipetting procedure for removing ZP-bound spermatozoa on the results of the ZP-induced acrosome reaction, the same sperm samples were incubated with ZP from different IVF patients. Also, oocytes from the same patient were randomly divided into two groups (4 ZP/group) and then the same sperm sample was incubated with the two groups of oocytes.
To determine if there was a difference between the ZP-induced acrosome reaction between oocytes with and without spermatozoa penetrating into the ZP from the IVF insemination, oocytes from the same patient with or without spermatozoa in the ZP were incubated with the same sperm samples.
To determine if the ZP could be re-used subsequently for induction of the acrosome reaction, the same groups of ZP were re-incubated with the same sperm samples after removing ZP-bound spermatozoa from the first incubation.
Comparison of ZP-and ionophore-induced acrosome reactions
To compare ionophore-and intact ZP-induced acrosome reactions, the same sperm samples were incubated with ZP and 10 |iM A23187. The A23187-induced acrosome reaction was assessed on both live and all (viable and non-viable) spermatozoa.
The acrosome reactions induced by solubilized ZP aDd intact ZP were compared in paired experiments. To demonstrate the biological activity of the solubilized ZP preparation, its effect on blocking sperm-ZP binding was examined by pre-incubating spermatozoa with and without solubilized ZP.
Statistical analysis
The significance of differences in percentages of acrosome-reacted spermatozoa was examined by paired and unpaired /-tests. The relationship between ionophore A23187-and the ZP-induced acrosome reactions was examined by the Spearman test Agreement between two different measurements of the ZP-induced acrosome reaction was examined by plotting the difference between the results against the mean result The differences were used to calculate the bias and standard deviation.
Results
Variation of ZP-induced acrosome reaction
When the same sperm samples (n = 15) were incubated with the ZP from different IVF patients with partial failure of fertilization, similar proportions of spermatozoa underwent the acrosome reaction ( Figure 1A ). The average difference was 1 ± 13%. When the same spermatozoa (n = 10) were incubated with two groups of oocytes from the same patients who had zero fertilization, there was closer agreement The average The bars represent the mean and there is a line for each sperm sample. There was no significant difference between the groups. (C) Agreement between the results of the two assessments: the dashed lines show the mean difference (bias 1.9%) and 2SD (8.7%); the range was calculated after omitting the outlier at -34%.
difference was 2.6 ± 7% ( Figure IB ). The pooled results are shown in Figure 1C . If the outlying result is omitted, the SD was 9%. When oocytes with (5-10 spermatozoa /ZP) or without spermatozoa penetrating into the ZP from the same IVF treatment were separately incubated with the same sperm samples, the ZP-induced acrosome reaction was similar mean difference was 2 ± 12% (Figure 2) .
The time course study showed significantly increased percentages of spermatozoa acrosome reacted with respect to time (2 h, 45 ± 28%, 4 h, 57 ± 27%, n = 6, P = 0.008). However, one fertile donor had 95% of spermatozoa acrosome reacted at 2 h incubation and 98% following an additional 2 h.
When the ZP were re-incubated with the same sperm sample after removing the ZP-bound spermatozoa from the first incubation, there was no obvious reduction in the number of spermatozoa bound to the ZP between the first and the second incubations (all oocytes had >100 spermatozoa bound to the ZP). However, the ZP-induced acrosome reaction was significantly lower with the second incubation than with the first incubation (30 ± 14 versus 22 ± 16%, n = 20, paired t = 3.95, P < 0.001; mean difference 8 ± 9%, P < 0.001).
Comparison of A23187-and ZP-induced acrosome reactions
The proportions of the whole (both viable and non-viable) sperm population acrosome reacting after exposure to 10 uM A23187 and after binding to the ZP were similar (42 ± 18 versus 43 ± 23%, n = 60). However, there was no significant correlation between the results within subjects (Figure 3 and Table I ).
When the A23187-induced acrosome reaction was assessed only on live spermatozoa, as shown by hypo-osmotic swelling, there were similar results: there were equivalent proportions of acrosome-reacted spermatozoa induced by A23187 and intact ZP (38 ± 27 versus 36 ± 15%, n = 20) and no correlation between the results within subjects (Figure 4) . The A23187-induced acrosome-reacted spermatozoa expressed as proportions of the live or total (both viable and non-viable) sperm populations were highly significantly correlated (n = 20, Spearman r = 0.841, P < 0.001, Figure 5 ). When data from fertile men were analysed separately, the ZP-induced acrosome reaction was significantly higher than the ionophore-induced acrosome reaction (Table I ). There was no significant difference in the A23187-induced acrosome reaction between fertile and normospermic men. However, spermatozoa from fertile men had a significantly higher ZPinduced acrosome reaction than did spermatozoa from normospermic men of unknown fertility. 
Effect of solubilized ZP on sperm-ZP binding and acrosome reaction
When sperm samples were incubated with both intact and solubilized ZP, the acrosome reaction induced by solubilized ZP (4 ZP/|xl) was significantly lower than that induced by intact ZP (11 ± 5 versus 32 ± 13%, mean difference 21 ± 9%, n = 11, P < 0.001). However, there was a significant correlation (Spearman r = 0.822, P < 0.01, n = 11) between the results (Figure 6 ). Pre-incubation of spermatozoa with solubilized (4 ZP/|il) ZP significantly decreased the number of spermatozoa bound to the ZP (31 ± 17/ZP; control 177 ± 92/ZP, n = 4, P < 0.01) when a low concentration of spermatozoa (71X10 3 / ml, 1000 in 14 ul) was used. However, this effect could not be detected when a high sperm concentration (S.6xl(fi/mi, 120X10 3 in 14 (xl) was used (both test and control had >300 spermatozoa/ZP).
Discussion
The present study shows that there was no agreement or correlation between the percentages of spermatozoa acrosome reacting in response to exposure to A23187 and after binding to the ZP. A similar result was also obtained when the A23187-induced acrosome reaction was assessed on only live spermatozoa. Because motile spermatozoa selected by swimup were used for the A23187-induced acrosome reaction, there was a highly significant correlation between the proportions of live and total spermatozoa with an ionophore-induced acrosome reaction. Therefore, the use of A23187 for induction of the acrosome reaction may not give very useful information about the capacity of spermatozoa for the physiological acrosome reaction on the ZP. Also, A23187 does not appear to be useful for diagnosing disordered ZP-induced acrosome reaction (Liu and Baker, 1994b) . There are previous reports that the A23187-induced acrosome reaction assessed on the whole (viable and non-viable) sperm population correlates with sperm fertilizing ability in vitro (Cummins et al, 1991; Yovich et al, 1994) . Also, Calvo et al. (1989) reported that the results of follicular fluid-induced acrosome reaction could be used to diagnose a subgroup of men with unexplained infertility not identified by standard semen analysis. It is possible that the folhcular fluid-induced acrosome reaction may be more relevant to the physiological induction of the acrosome reaction than is that with A23187. It is likely that the relationship between the results of A23187-induced acrosome reaction and fertility are related to other aspects of the effects of A23187, for example more robust samples may withstand the inhibitory effect on sperm motility better.
While the mechanism of the human ZP-induced acrosome reaction is not completely understood, several signal transduction pathways may be involved (Kopf and Gerton, 1991; Zaneveld et al, 1991; Bielfeld et al., 1994a; De Jonge, 1994; Brucker and Lipford, 1995) . The A23187-induced acrosome reaction results from increasing intracellular Ca 2+ influx. For the present ZP-induced acrosome reaction test, the resulting acrosome reaction was limited to the subpopulation of spermatozoa which were able to bind to the ZP. In contrast, the A23187-induced acrosome reaction potentially involved all the spermatozoa present in the medium. This may explain some of the lack of correlation between these two inducers.
Induction of the acrosome reaction with A23187 has the side effect of decreasing sperm motility and viability after a short time (1-2 h) of incubation. It is therefore suggested that assessment of the acrosome reaction in spermatozoa which remain alive may be able to distinguish the true acrosome reaction from a spurious acrosome loss occasioned by death of spennatozoa caused by A23187 (Aitken et al, 1993) . However, we found the A23187-induced acrosome reaction in live spermatozoa was highly significantly correlated with that in the total population. This indicates that there is no major difference whether the proportion of acrosome-reacted spermatozoa is expressed with respect to the whole sperm population or is restricted to the live population when motile spennatozoa are selected for the studies. In contrast to A23187, the ZP has no effect on sperm motility (Liu and Baker, 1994b) .
Although there was wide range for both A23187-and ZPinduced acrosome reactions within the subjects, both stimuli produced reproducible results when duplicate experiments were performed on the same sperm samples. In particular, there was good agreement between ZP-induced acrosome reaction results obtained with groups of four oocytes from the same or different IVF patients. The time course of the acrosome reaction of spermatozoa bound to the ZP may be an important marker for the ability of spermatozoa to penetrate into the ZP (Tesarik, 1989; Takahashi et al, 1992) . It is likely that acrosome reaction of fertile spermatozoa bound to the ZP is rapid. In the present study, on average 45% of spermatozoa bound to the ZP had undergone the acrosome reaction at 2 h and there was only a small (12%) increase following an additional 2 h incubation. The majority of sperm samples from fertile men had >65% and up to 96% of spermatozoa bound to the ZP undergoing the acrosome reaction by 2 h. Interestingly, pre-incubation of spermatozoa for 2 h after swim-up (1 h) did not significantly increase the ZP-induced acrosome reaction. Therefore, capacitation of human spermatozoa for ZP-induced acrosome reaction may not be necessary or critical (Bielfeld et al, 1994b) , or sufficient spermatozoa may have fully capacitated during the swim-up procedure.
The present study showed that solubilized ZP in a concentration of 4 ZP/u.1 could reduce sperm-ZP binding but was significantly less efficient in inducing the acrosome reaction than were intact ZP. This is similar to the previous report by Cross et al. (1988) and may also be related to the possibility that spermatozoa which bind to the ZP are a select group more likely to acrosome react than the whole sperm population in the insemination suspension. It is also possible that the conformational structure or the concentration of ZP proteins may affect the acrosome reaction-inducing activity. In contrast to the results with A23187, the solubilized ZP-induced acrosome reaction was highly correlated with the intact ZP-induced acrosome reaction. Because our results did not include the background spontaneous acrosome reaction, the average percentage acrosome reaction induced by solubilized ZP was slightly lower than the results reported by others (Cross et al, 1988; Bielfeld et al, 1994a) . Different sperm samples, source of the ZP and preparation of solubilized ZP may also contribute to the different results. More detailed studies would be required using labelled zona proteins to determine if differences in binding of intact and solubilized ZP contribute to the reduced induction of the acrosome reaction with the latter. Because using solubilized ZP for induction of the acrosome reaction requires a large number of salt-stored ZP (for example, we used -16-20 ZP for each test), whereas the intact ZP-induced acrosome reaction test only requires four ZP for each test, the latter is more practical. However, because human oocytes are of limited availability, routine assessment of ZP-induced acrosome reaction is impractical. The development of recombinant human ZP3 may provide a valuable diagnostic tool for this purpose (van Duin et al, 1994) . Although there was some variation in the ZP-induced acrosome reaction between individual groups of oocytes, the use of four ZP, whether obtained from the same or different IVF patients, provided reasonably consistent results. Our previous study also showed that the procedure for removing spermatozoa from the ZP does not cause acrosome loss since most patients with disordered ZP-induced acrosome reaction have reproducibly >95% of spermatozoa dislodged from the ZP with acrosomes intact (Liu and Baker, 1994b) . The present study also showed that there was no difference in ZP-induced acrosome reaction between oocytes with or without spermatozoa penetrating into the ZP from the IVF inseminations. Thus, activation of human oocytes by penetrating spermatozoa does not appear to change the capacity of the ZP for induction of the acrosome reaction. Therefore, oocytes that failed to fertilize in IVF are useful for studying this aspect of human spermatozoon-oocyte interaction as well as sperm-ZP binding and penetration.
Repeated exposure of the oocytes to spermatozoa did not appear to affect sperm binding to the zona but decreased the ZP-induced acrosome reaction. This result may suggest that different zona receptors are involved for binding spermatozoa and initiating the acrosome reaction (Lucas etal, 1994) . While the same oocyte can be used several times for ZP binding studies this not true for the ZP-induced acrosome reaction. It is possible the exposure of ZP to high sperm concentrations (2X10 6 /ml) may cause this loss of capacity for induction of the acrosome reaction.
At this stage a normal range for this test of the ZP-induced acrosome reaction has not been established. While there was a wide range of results (6-96%) in all the subjects studied, spermatozoa from the fertile men had significantly higher mean ZP-induced acrosome reaction than did spermatozoa from nonnospermic men. Some of the normospermic men with low results may have disordered ZP-induced acrosome reaction. Our previous study showed that patients with low fertilization rates in vitro because of disordered ZP-induced acrosome reaction had <15% of spermatozoa acrosome reacting on the ZP and most had <6% (Liu and Baker, 1994b) .
In summary, removing spermatozoa bound to the ZP by the pipetting method described here is simple and useful for assessment of the physiological acrosome reaction of spermatozoa bound to the ZP. Acid-solubilized ZP (4 ZP/u\l) blocked sperm-ZP binding but was less efficient in inducing the acrosome reaction than were intact ZP, although the results were correlated. There was no correlation between ionophore A23187-and ZP-induced acrosome reactions. Thus, A23187-induced acrosome reaction will not be useful for diagnosing defects of the physiological acrosome reaction of spermatozoa bound to the ZP. Assessment of the physiological acrosome reaction of human spermatozoa should be performed on spermatozoa bound to the ZP.
